Abstract-Femtocells being small low powered base stations provide sufficient increase in system capacity along with better indoor coverage. However, the dense deployment of femtocells face the main challenge of co channel interference with macrocell users. In this paper, this interference problem is addressed by proposing a novel downlink power control algorithm for femtocells. The proposed algorithm gradually reduces the downlink transmit power of femtocells when they are informed about a nearby macrocell user under interference. This information is given to the femtocells by the macrocell base station through a unidirectional downlink broadcast channel. Simulation results show that the algorithm causes the macrocell to accommodate large number of femtocells within its area, whereas at the same time protecting the macrocell users from any harmful interference.
I. INTRODUCTION
NCREASE in the popularity of wireless systems have caused an increased demand of capacity. Cisco predicts a 39 fold increase in the global data traffic from 2009 to 2014 [1] . The appearance of new multimedia services and high data rate applications intensifies the need of having good quality links and high capacity. Many technologies and standards like the 3GPP's Long Term Evolution (LTE) and LTE advanced and 3GPP2's Ultra Wideband (UWB) and Worldwide Interoperability for Microwave Access (WiMAX) have been developed to cope with the need of high speed communication needs [2] . To achieve higher capacity, increasing the number of channel usage per area is a possible solution. This is done by reducing the coverage of each cell, so the same channels can be reused in other cells much frequently. Cell splitting and cell sectoring are also used to increase capacity in a cellular system [3] , [4] . However this also gives rise to increased interference from other cells, therefore efficient interference management schemes are required to mitigate any interference. Alongside the demand for increased capacity and data rate, it is observed that indoor cellular users mostly face poor coverage. A survey conducted in [5] shows that 30% business and 45% household users experience poor indoor coverage, whereas ABI research shows that in the near future, more than 50% voice calls and 70% of data is expected to originate from the indoor environment [6] . This shows that there is a great need to address the problem of poor indoor coverage along with demand for higher capacity and data rates.
Femtocells in this case can provide a viable solution [2] , [7] , [8] . Femtocells, also known as home base stations are low power base stations having a small coverage area, and provide connection of user equipment (UE) to the mobile core network through user's broadband internet access or DSL. The access point is known as Femtocell Access Point (FAP), which is usually installed in an indoor environment by a subscriber. The co channel deployment of femtocells significantly increases the overall system capacity and improves the indoor coverage [9] , [10] .
Deployment of femtocells can be seen as a new layer of wireless coverage and due to its dense co channel deployment, it can produce high level of interference to the macrocell layer (cross layer interference) [7] . Researchers have proposed a number of mitigation techniques to handle the problem of interference in femtocells. Femtocells can be deployed at any location within a macrocell at any time, they can also be moved from one location to another. So managing radio resources dynamically and interference management becomes a difficult task [11] . It is thus desirable that a femtocell should have intelligent interference avoidance schemes along with self organizing capabilities. Efficient power control schemes thus play an important role in interference avoidance for femtocells.
Researchers have proposed many power control algorithms to be used in femtocells. One such example is the power control scheme in [12] , where the femtocell network optimisation is performed with constraints on the indoor coverage and the interference caused by femtocell BS to the macro user equipments (MUEs) outside. The optimisation problem is formulated as a mixed integer problem and as a result, the maximum transmit power and operational frequency of femtocell is obtained. However, in case of dense deployment, where MUEs are nearby, the indoor coverage can be severely degraded, also the complexity of the algorithm is high and takes much time to converge. This makes the algorithm difficult for implementation in proposed in [13] , where the femtocell user equipment (FUE) have to estimate the amount of interference it cause to the macrocell and then adjusts its power. Furthermore, the algorithm also needs to know about the exact noise and interference level (NI) at the Macrocell Base Station (MBS). It is hard for the FUE to estimate the amount of interference it causes and increases complexity. The NI level provided through backhaul network might suffer delays and hence degrade the overall performance. Power control schemes have further been proposed in [14] and [15] , where a distributed utility based SINR approach at the FAP is proposed. These provide good results but the error in estimation of SINR and complexity of the algorithms can make its implementation difficult in FAPs.
The proposed scheme is a downlink power control algorithm for femtocells, where an FAP reduces its power whenever it causes interference to any nearby MUE. The information about an MUE under interference is broadcast within the macrocell area through a unidirectional broadcast channel by the macrocell base station. The femtocell upon receiving this information would reduce its power if the MUE is nearby. The algorithm enables the deployment of large number of femtocells within a macrocell, hence providing high capacity. The algorithm also takes into account the communication overhead and thus, only one bit of information is used by the MBS to inform the FAP about interference faced by MUEs. The complexity is kept minimum by the use of main aggressors, to make it feasible for implementation in FAPs
The rest of the document is organised as follows. Section II provides the system model, section III explains the proposed algorithm. In section IV, the simulation results and discussion are provided and section V is the conclusion.
II. SYSTEM MODEL
The system model for the co-channel deployment of femtocells within a macrocell is shown in Fig. 1 . A number of femtocells are located within the area of a macrocell having MUEs. The femtocells also consist of an FUE and the channel resources with the MBS are equally assigned among all the MUEs so that every MUE is capable of accessing one channel. The same channels are re used by the femtocells and each femtocell allocated all of the channel resources to its single active FUE.
An MUE faces interference from all the nearby femtocells, which adds to the aggregate interference at the MUE. If the interference level at the MUE is high enough, it will not be able to communicate with its MBS, therefore the interference level at the MUE should be less then a predefined threshold. The algorithm proposed in this paper handles such a situation and makes sure the MUEs are protected from any harmful interference caused by the FAP.
The downlink transmit power vector MBS is denoted as
, where represents the downlink transmit power for the nth MUE at nth channel, while N is the total number of channels used by the macrocell. The total number of femtocells is S and the downlink transmit power matrix is defined as. Here the superscript f denotes femtocells, m denotes macrocell and superscript fm shows femto to macro. In the above represents the downlink transmit power of sth FAP in nth channel. It has been assumed that each femtocell allocates all of its resources to a single FUE, hence it can be assumed as a single channel from FAP to FUE.
The aggregate interference faced by nth MUE from all the S femtocells can be shown as [16] .
Here represents the propagation loss between kth FAP and nth MUE.
The MUE can operate under certain constraint that is defined as
where γ 1 is the interference coefficient for MUE and is assumed to be known. This constraint makes sure the MUE operates in an interference free environment. On the other hand, the FUE also have to be able to operate and have an interference constraint. Here γ 2 is the interference coefficient for FUE, P noise represents the noise power, the femto to femto co-layer interference, and is the macro to femto cross layer interference. To calculate the propagation loss, the model used is given as [16] .
where L wall is the loss due to the thickness of the wall, d the distance between transmitter and receiver, while n is the number of walls between transmitter and receiver. We used the following assumptions.
• The femtocell is aware of its location for example using built in geo location.
• The femtocell is also aware of the location of the nearby MUEs. This information can be provided to the femtocells by the MBS through the unidirectional broadcast channel.
III. PROPOSED POWER CONTROL ALGORITHM
The main purpose of the downlink power control algorithm is to reduce the level of interference a femtocell causes to a nearby MUE in co-channel femtocell deployment and works as follows. The MUEs in a macrocell containing femtocells would face interference from nearby femtocells. The impact of each femtocell on the MUE depends on the channel between MUE and FAP. When the MUE faces an interference level from the surrounding femtocells that is greater than a pre defined threshold shown in (3), the MUE informs its base station about the increased level of interference. This pre define threshold is the level of interference that an MUE can handle. The macrocell base station similarly receives interference information from any active MUEs under interference. The interference information sent to the MBS by the MUEs is a one bit information, which only describes if the particular MUE is facing high interference or not. The one bit information is used to make sure there is no communication overhead.
After receiving this information, the base station uses the unidirectional broadcast channel to inform the femtocells about the MUEs that are facing interference. The femtocell then, first checks if it is one of the "main aggressors" to any of the MUEs that are under interference. If the distance between the FAP and an MUE is less than or equal to the aggressor distance t, the particular FAP is then one of the main aggressors to that MUE. The aggressor distance specifies a circular region around the FAP with radius equal to t, any MUE within this area would be counted as a possible victim of interference from the femtocell. If an MUE resides within the aggressor distance, the FAP will then reduce its power, in the case where an MUE is at a distance greater than t, the FAP will ignore the message from MBS.
The concept behind the aggressor distance is simple and only those femtocells will decrease their power that are near to the MUE, as the nearby femtocells are the ones causing most of the interference to the MUE. This technique makes sure any unnecessary power reduction in far away FAPs is avoided which will degrade the Quality of Service (QoS) to FUEs and also cause processing overhead. The aggressor distance t needs to be selected carefully as large value of t would cause reduction of QoS of femtocell users in femtocells that are far away and increased processing overhead. A smaller value of t will reduce the overall performance and MUEs would face high interference. The value of t for the proposed algorithm has been selected based on best performance and is explained in the next section.
Whenever an FAP have to reduce its power as a result of information from the MBS, it reduces its power by a fixed step size Δ. This reduction in power is to make sure the FAP reduces the amount of interference to an MUE shown in (2) . Both the value of aggressor distance t and Δ can affect the performance of the algorithm. The algorithm after reduction of power operates normally until it receives another message from the MBS to reduce its power.
IV. SIMULATION RESULTS AND DISCUSSION
Simulations are carried out in order to evaluate the performance of the algorithm. The simulation parameters are given in Table 1 . The simulation is carried out with 20 MUEs in a macrocells with different number of femtocells. The locations of MUEs and femtocells are taken randomly and interference faced by MUEs with increasing number of femtocell is calculated. The results are shown with the total interference (TI) in system, which is the sum of aggregate interference faced by all MUEs and given as. Here, is the interference faced by each MUE, also shown in (2) and n represents the number of MUEs in the system, which is 20 in this case.
The result in Fig. 2 shows that the total interference in the system is reduced with the proposed power control algorithm. Notice that for any given number of femtocells, the algorithm makes sure all the MUEs are interference free. This algorithm gives higher priority to MUEs and therefore, the transmit power is reduced whenever an MUE is under interference due to a nearby femtocell.
The number of MUEs within the macrocell also has an impact on the overall performance as shown in Fig.3 . Increasing in the number of MUEs increases the total interference in the system. It can also be inferred that increasing the number of MUEs would also increase the processing overhead, as the femtocells would then have many MUEs in its main aggressor list. The aggressor distance has an impact on the overall performance, which can be seen in Fig. 4 . Decreasing the aggressor distance reduces the overall performance. It is worthwhile to note here that the increase in distance does not increase the performance after a certain value, which in this case is 50 meters. The performance at an aggressor distance 50 meters and 70 meters is almost the same. Therefore, the aggressor distance of 50 meters has been used in this algorithm. The algorithm is a simple one and thus suitable for implementation in an FAP, which is a low power small device. It also makes sure the far away FAPs do not reduce their power if they are not causing interference to MUEs.
V. CONCLUSION
We have considered the downlink power control algorithm for co-channel femtocells which allows the co-existence with the under laid macrocell network even with a dense deployment of femtocells. The proposed algorithm in this paper is a step towards providing a solution for the problem of strong cross layer interference in such a scenario. The algorithm requires minimal help from the MBS and makes sure no MUE faces unwanted interference from any femtocell. Simulation results shows the performance of the algorithm and it is clear that, with the help of the proposed power control algorithm, large number of femtocells can be accommodated within the macrocell, while at the same time protecting all the MUEs from interference.
